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NMR (Nuclear Magnetic Resonance, NMR) technology is a powerful research 
tool in researching the micro-and-macro structure of materials and interaction.NMR 
spectrometer (hereinafter referred to as NMR spectroscopy) , as a research platform 
for NMR technology, is widely used in education，scientific research, health and all 
areas of human life. 
The Radio Frequency (Radio Frequency, RF) system of the NMR spectrometer is 
the functional units for producing excitation signals, receiving and processing RF 
signals. The system not only needs launching RF waves of variety flipping angle, 
according to the pulse sequences, but also needs receiving a FID (Free Induction 
Decay, FID) signals in the resonant region. In general, the resonance signal is only 
micro-volt, so the sensitivity and amplification of the RF receiving system is essential 
for back-end IF receiving and signal processing in the NMR spectrometer. The 
performance and stability of the RF subsystem directly affect the acquired FID signal 
quality and the whole performance of the NMR spectrometer. 
This article focuses on the design of the RF system in NMR spectrometer by 
taking the “300-500 MHz NMR Spectrometers Development” as the research project. 
Basing on the NMR principles, the article makes a detailed analysis on the generation 
condition and receiving method of the NMR RF signals. Based on the theory of RF 
circuit design in communication system, the common RF modules used in the NMR 
spectrometer are discussed. Finally, based on the field-frequency lock technology 
commonly used in the current commercial NMR spectrometers to maintain the 
magnetic field homogeneity, a lock preamplifier, a reference generator circuit board 
and a lock transceiver circuit board are designed and implemented. In the main 
channel of the NMR spectrometer, a transceiver controller of high band/broadband 
amplifiers, an output-controller of Programmable Test Sources (Programmable Test 














Through the analysis of the hardware performance testing and Experimental data, 
the RF modules designed in the paper can meet the indexes of the modern 
high-resolution NMR spectrometers.  
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2 o of Bπ γ=                                                     (1.1) 
式中 f0 为共振频率；B0为磁场强度；γ 为旋磁比。由上式可见，共振频率与
磁场强度成线性关系。 

















色散信号 u 与吸收信号 ν与射频场频率 w 的关系如下图 1.1 所示[2]。由图可






分量 ν来说，色散信号 u 不易发生饱和，只有当磁场强度很大时候才会达到饱和。
因此对于初次研究的样品，往往首先观察它的色散分量来寻找磁共振信号。 
ν ν 
w w w0 w0 
a) b) 
 
图 1.1 色散信号  
[3-4]




                        
u 与吸收信号 v 与射频场频率 w 的关系曲线
a) 吸收信号             b) 色散信号 
 当发生核磁共振时，射频场与原子核磁矩发生相互作用。检测核磁共振信号
的基本结构如图 1.2 所示。谐振回路线圈 2 放在静磁场 3 当中，同时被测样品 1
放在线圈 2 当中，线圈产生的射频磁场的方向与静磁场方向垂直 。当射频振
荡器产生激励信号的射频频率与静磁场满足核磁共振条件时，磁化强度在旋转坐
标系统中的两

























 磁化强度的 u 分量与 ν 分量相差 90°的相位，当发生核磁共振时它将改变谐
振回路的电抗（即感抗或容抗），从而改变了谐振回路的固有频率和受迫振
 









































 6. 操作系统，它用来控制核磁共振仪的工作。 
复。 
5. 控制系统，它包括有 A/D 转换器、
傅里叶变换（FT）和数据处理等功能。 




(A/D转 换 ， 累
加 FT,处 理 ）
操 作 系 统
音 频 放 大 器
滤 波 器
相 移 器
射 频 相 敏
检 波 器
参 考 门
脉 冲 程 序 器
射 频 放 大 器
接 收 门
探 头
脉 冲 功 率
放 大 器
发 射 门
射 频 振 荡 器
磁 场 内 锁 器
场 频 外 锁 器
磁 通 稳 定 器磁 铁 电 源
水 冷 系 统
气 泵
双 共 振 系 统
匀 场 系 统
III  磁 场 均 匀 化 系 统
II  稳 定 磁 场 系 统
I     NMR信 号 的 观 测 系 统
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